The first group consisted of 20 cases with 21 aneurysms directly involving 25 nerves, of which 18 were oculomotor, 4 optic and 3 abducens (Table I) . While in this series it happened that only these 3 nerves showed clinical and pathological evidence of damage, it is possible, of course, for aneurysms to be so situated that they may directly involve any cranial nerve. Of these aneurysms, 17 arose from the anterior part of the circle of Willis, most commonly in relation to the internal carotid artery. There was definite evidence of extravasation of blood from all but 5 of the aneurysms.
Clinically and pathologically the evidence clearly indicates that impairment of the function of a nerve by a contiguous aneurysm occurs most frequently in conjunction with htmorrhage. Thus in 16 of the 21 instances the onset or subsequent development of nerve palsy occurred in sudden episodes coincident with aneurysm bleeding. In histological studies of 15 of these nerves, 13 had fresh and 10 had old htemorrhage in the substance of the nerve (Figs. 1 and 2) . 142 Proeeins of the Royal Sociey of Medicite '2-Excepting those with terminal rupture and those with no rupture, the nerves were nearly always adherent to the aneurysm sacs. Fig. 3 shows the wall of a subclinoid aneurysm which is firmly attached to the degenerated III nerve. The patient had suffered his first attack of subarachnoid hnmorrhage six months before death. One month later he developed severe right-sided headaches which were accompanied by the abrupt onset of right III nerve paralysis, which persisted until his death from another cause.
In several instances the nerve was actually a part of the continuity of the aneurysm wall, as is shown in Fig. 4 . In this case paralysis of the III nerve came on suddenly and completely with an attack of subarachnoid hemorrhage ten weeks before death.
There was no evidence of bleeding from the 5 remaining aneurysms but with 2 exceptions the histories indicated that the nerve palsies had occurred in sudden episodes suggesting intraneural hamorrhage. While there is no doubt that gradual compression through dilatation of a pulsatile aneurysm sac will damage nerve tissue, nerves so affected are evidently capable of surprising functional adjustment for a considerable time. However, an abrupt dilatation without rupture, such as eevidently occurred in 2 of these aneurysms coincident with head trauma, could impair nerve function by mechanical stretching or it might lead to cedema or hJmorrhage in the involved nerve through venous obstruction, which would account for the sudden onset of the nerve palsies. Likewise in certain cases where rupture has occurred, the associated dilatation of the sac may be the major factor rather than the himorrhage. This was seen in a case of aneurysm at the bifurcation of the basilar, the aneurysm being deeply imbedded in the mid-brain ( Fig. 5 ). In this case a partial left III nerve paralysis developed abruptly with the first attack of subarachnoid hmmorrhage two and a half months before death. Six days later, coincident with a second hemorrhage, the III nerve paralysis became complete and a nght hemiplegia appeared. The aneurysm evidently caused degeneration of the Ill nerve and cerebral peduncle by direct compression in 2 successive sudden episodes through dilatation of the sac which occurred with each of the 2 attacks of subarachnoid hw,morrhage. In contrast to those cases where nerves are involved after emergence from the brainstem and may be capable of some adjustment, the nerve in this case was particularly vulnerable to compression because of the firm underlying mid-brain tissue.
There are clinical and pathological reasons for believing that when nerve palsies develop suddenly without being accompanied by frank signs of subarachnoid hlimorrhage, aneurysm leakage often owcurs. This leakage of blood, or the accompanying acute dilatation of the sac, may provide the additional trauma necessary to -cause loss of function in a nerve which has been able to function previously, although damaged by aneurysm pressure. Histological findings in the walls of aneurysms u 4icate, 2 mechanisms by which dilatation, leakage and finally rupture may occur. It is common to find marked necrosis of the aneurysm wall in cases where bleeding has occurred and particularly where the sac is a&herent to a nerve but in the wall of one unruptured aneurysm we found an area of bland-necrosis ( Fig. 6 ). A;lthough necrosis such as this would be expected to lead to further dilatation and ultimately rupture, it may be caused initially by the nutritional impairment associated with stretching of the aneurysm sac. Another process which will cause dilatation, leakage and finally rupture is hemorrhagic dissection of the sac. This was commonly seen in the intact portion of the wails of ruptured aneurysms and is probably the more important mechanism, although, ofcourse, some degree of necrosis will precede dissection. Fig. 7 shows a section from an aneurysm which had previously leaked. This patient developed left-sided headaches and a Ill nerve palsy two months before death. Two weeks before death he became drowsy and developed a right hemiplegia following which his condition gradually deteriorated. Autopsy revealed a large, recently thrombosed aneurysm on the left posterior cerebral artery which was found to be severely compressing the mid-brain, left thalamus and left III nerve. There had been no gross rupture of the aneurysm but considerable blood had leaked into the adjacent tissues. There was a moderately severe internal hydrocephalus. The hemorrhage, which can be seen dissecting the aneurysm wall, consisted of degenerated red and white blood cells and in the fibrous tissue between the thalamus and the aneurysm wall there was a largamount of phagocyted blood pigment. The leakage, which had occurred in the two months preceding death, was evidently determined by this dissecting process.
In ajl th nerves with hamorrhage in their substance varying amounts of fibrous tissue proliferation wwte -evident (Fig. 8) . The fibroblastic proliferation, seen so consistently, is of interest in view of the clinical observation that no significant recovery of function of the affected 6culomotor nerves had been noted in any of our-cases, regardless of the duration of the nerve palsy. It would seem that the association of this fibrous tissue reaction with intraneural hemorrhage prevents normal regeneration of the axis cylinders of the damaged nerves.
One of the most interesting findirqgs was the lack of correlation between the duration of symptoms of nerve palsy and thoe amount of damage to the nerve found at autopsy. In some cases with short histories the nerves showed changes of a chronic type as well as the acute lesion. This evidence of pre-existing damage indicates the capacity of the nerves for functional adjustment to the effects of apposition to an aneurysm sac. However, such nerves will be vulnerable and the superadded acute lesion determines the abrupt onset of clinical signs from which there may be no recovery. There were 6 patients, all of whom had symptoms of less than three weeks, with findings in the nerves indicating severe irreversible damage. The section seen in Fig. 8 is from a patient in this group. She developed her III nerve paralysis suddenly only nine days before death yet the severe, chronic nature of the lesion is evident. These findings explain why recovery after carotid ligation may be unsatisfactory in spite of a short history. MECHANISMS SECONDARY TO HABMORRHAGE There were 19 cases of ruptured aneurysms in which secondary mechanisms had led to involvement of Ill and VI cranial nerves as indicated in Table I . Comparable to the former group of cases, 16 of these aneurysms also were situated on the anterior part of the circle of Willis. While these nerve palsies due to remote effects of himorrhage were almost as numerous, they contrasted with the former group by being often bilateral and usually terminal, developing at the earliest within the last two weeks of life. They were invariably found to be associated with severe aneurysm h.emorrhage and their development was therefore of serious prognostic significance. 144 m Section of Neurology Mid-line increased intracranial pressure heemorrhages were found in the region of the oculomotor nuclei in the mid-brains in 5 instances to account for the oculomotor palsies. These patients all had ruptured aneurysms on the anterior part of the circle of Willis with intracerebral or subdural extension of the htmorrhage. Fig. 9 is from a case of a ruptured anterior cerebral aneurysm with the main bleeding into the subdural space. The patient had partial bilateral III nerve palsies which were explained by the small mid-brain hemorrhage. In addition to these 5 cases of anteriorly situated aneurysms, we have one case where haemorrhage from a basilar aneurysm had caused secondary hemorrhages in the mid-brain which were responsible for bilateral oculomotor palsies.
Another mechanism responsible for remote cranial nerve involvement was found in 2 cases with ruptured aneurysms situated on the internal carotid arteries. In each of these a contralateral III nerve palsy was found to be due to kinking and compression of the nerves by the posterior cerebral artery displaced when the brain-stem itself became displaced by the hemorrhage (Fig. 10) .
A third mechanism clearly responsible in 5 cases for ipsilateral III nerve palsies was pressure on the III nerve by a herniated hippocampal uncus. All 5 cases had intracerebral extension of the haemorrhages.
There was a final group of 6 cases in which none of these more obvious mechanisms seemed to be in operation. However there was usually sufficient intracerebral htmorrhage and associated cedema to account for considerable distortion of the brain-stem. This could lead to stretching of the ipsilateral and contralateral III and VI nerves, to the point of functional impairment, as described recently in extradural hemorrhage by Sunderland and Bradley (1953) . In 2 of these cases the fourth ventricle and aqueduct were grossly distended with blood ( Fig. 11) . To account for the terminal bilateral oculomotor palsies in such cases one might speculate that in addition to the displacement of the brain-stem there was also an impairment of its function by sudden compression. SUMMARY In 94 autopsy cases of intracranial aneurysms there were 39 (40 %) with clinical evidence of cranial nerve involvement. Pathological studies showed that the nerve palsies were caused directly by contiguous aneurysms in half the instances while the remainder resulted from secondary effects of the himorrhages.
In the first group the nerves come in contact with the aneurysms through dilatation of the sacs which may be accompanied by hiemorrhagic dissection or necrosis. The palsies result mainly from intraneural hbmorrhage consequent on aneurysm leakage or rupture. Fibrous tissue proliferation and adherence to the sac usually follow rapidly, leading to irreversible damage in the nerves. While nerves seem to be capable of considerable functional adjustment to the effects of compression by a gradually enlarging unruptured aneurysm, a sudden dilatation of the sac, with or without accompanying haemorrhage, is likely to cause loss of nerve function. This may occur by mechanical stretching or by cedema or intraneural himorrhage from venous obstruction. 4 FIG. 11. -Haemorrhage from a ruptured anterior communicating aneurysm with extension through the inferior surface of the frontal lobe, distending the ventricles with blood. The terminal bilateral oculomotor palsies may have been due to displacement and compression of the brain-stem.
Nerve palsies secondary to the effects of severe intracranial haemorrhage from aneurysms were found to be caused by the following mechanisms: (1) mid-brain hemorrhages resulting from increased intracranial pressure or from direct compression of the mid-brain by hemorrhage from a posteriorly situated aneurysm, (2) kinking and compression of the contralateral oculomotor nerve through displacement of a posterior cerebral artery, (3) compression by herniation of a hippocampal uncus, (4) stretching or compression of the brain-stem due to sudden severe intracerebral and intraventricular hiemorrhage.
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